The formation energies for mono-and bivacancies in graphene in the presence of adatoms of various metals and small metallic clusters have been calculated. It is shown that transition metal impurities, such as iron, nickel and, especially, cobalt reduce dramatically the vacancy formation energies whereas gold impurities have almost no effect on characteristics of the vacancies. This results highlight that special measures are required in order to protect graphene from damage by transition metal leads. cobalt, which was used for electrodes in Refs. 4,9; nickel, which was used as a substrate for the growth of graphene [34,38]; and gold, also used for contacts in many experiments with graphene. We will consider three types of metallic impurities: single adatom (see Fig. 1a) , pair of adatoms situated parallel to the graphene plane (Fig.2a) and tetrahedron oriented as shown in Fig. 2b During the calculations we have also taken into account spin polarization. Nickel turns out to be non-magnetic, both on pristine graphene and for mono-and bivacancies. For iron and cobalt the magnetic moments are parallel and antiparallel to the moment of monovacancy, respectively (bivacancy is always non-magnetic, due to the absence of dangling bonds). Interestingly, the electronic structures of the transition metals on a monovacancy (Fig. 4) are rather similar to that those of the corresponding carbides
graphene plane (Fig.2a) and tetrahedron oriented as shown in Fig. 2b . The latter situation models an interaction of graphene with microscope tip or with structural inhomogeneities on metallic electrodes. It is worthwhile to note that, as follows from calculations, inverse orientation of the tetrahedron (face to the graphene plane) will have total energies roughly 1 eV higher. During the calculations we have also taken into account spin polarization. Nickel turns out to be non-magnetic, both on pristine graphene and for mono-and bivacancies. For iron and cobalt the magnetic moments are parallel and antiparallel to the moment of monovacancy, respectively (bivacancy is always non-magnetic, due to the absence of dangling bonds). Interestingly, the electronic structures of the transition metals on a monovacancy (Fig. 4) are rather similar to that those of the corresponding carbides [37] .
It can be seen in Fig. 3 that the same tendencies are correct for the cases of adatom dimers (Fig.   2a) and tetrahedra (Fig. 2 b,c) . In all cases, the monovacancy formation energy is maximal for gold and minimal for cobalt. For bivacancy geometric factors becomes more important, especially, for the case of tetrahedron. For iron, cobalt and nickel, the distortions of the tetrahedron into carbide-like configuration Me3C are very strong (Fig. 2c) ----1-----1-----1 . -i-----n-|-----1-i-----r . 1 ).
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